Acute cholecystitis is one of the most frequently encountered conditions in daily practice in Japan. However, there is a shortage of detailed data about treatments that have been performed according to the clinical practice guidelines (CPGs) for acute cholecystitis. We therefore examined the management of acute cholecystitis for adherence to the appropriate CPGs using the Japanese administrative database associated with the Diagnosis Procedure Combination (DPC) system. We collected data from 6,070 patients with acute cholecystitis, examining for the application of four recommended treatments (administration of antimicrobial drugs and nonsteroidal anti-inflammatory drugs (NSAIDs) and performance of early and laparoscopic cholecystectomy). The patients were classified according to the procedures documented for each case: no gallbladder drainage (n = 4,333), gallbladder drainage without supportive care (ventilation or hemodiafiltration or the use of vasopressor) (n = 1,591) and gallbladder drainage and supportive care (n = 146). Multiple logistic regression models revealed that patients with gallbladder drainage without supportive care and those with gallbladder drainage and supportive care significantly higher received administration of antimicrobial drugs and NSAIDs, while these patients underwent less early or laparoscopic cholecystectomy than did patients without gallbladder drainage, after adjusting for potential confounding effects of the clinical variables. This study demonstrated that there were various differences with regard to the performance of recommended treatments between the levels of procedures required for acute cholecystitis. In addition, this administrative database was a feasible tool for the evaluation of care processes and will provide useful information contributing to improved quality of medical care.
antimicrobial therapy (Akhan et al. 2002; Toyota et al. 2006 ). In addition, cholecystectomy, especially the laparoscopic procedure, has been widely accepted as an effective treatment for acute cholecystitis (Zacks et al. 2002) .
To establish standardization of these treatment processes for acute cholecystitis, clinical practice guidelines (CPGs), named the Tokyo Guidelines, were prepared on the basis of the best available evidence on all aspects of the diagnosis and treatment of acute cholecystitis in 2007 ). These CPGs are the world's first international guidelines for the clinical management of acute cholecystitis and have substantially contributed to the care of patients with acute cholecystitis. Some recent studies have reported that the CPGs can help clinicians make the correct management decisions for patients with acute cholecystitis (Lee et al. 2010; Yokoe et al. 2011) , suggesting that the CPGs have been useful and can be widely accepted among many doctors.
However, there have been no studies examining the degree to which appropriate treatments recommended by the CPGs have occurred in actual medical practice, based on large-scale patient data. In addition, there have been no studies where an administrative database has been utilized to evaluate the care processes given compared to those recommended by the CPGs for acute cholecystitis in community-based facilities. Such an evaluation could provide useful information for the quality of medical care in the future, as well as an assessment of present medical treatment for acute cholecystitis. In this study, we evaluated the care processes given patients with acute cholecystitis according to the CPGs. This was achieved by using the national administrative database developed in a Japanese case-mix system project, called the Diagnosis Procedure Combination (DPC).
Methods

Administrative database associated with the DPC system
The health care system in Japan has been facing serious financial problems because of a rapidly ageing society, costly innovations in medical technology, and longer patient hospitalizations. To solve these problems, the Ministry of Health, Labour and Welfare and its affiliated research institute have started research on the feasibility of using the Japanese case-mix classification system as a tool for standardized medical profiling and payment (Matsuda 2008) . As a result, Japanese case-mix projects based on the DPC system were introduced to 82 academic hospitals (80 university hospitals, the National Cancer Centre, and the National Cardiovascular Centre) in 2003 (Murata et al. 2010 (Murata et al. , 2012 . Insurance reimbursement using the DPC system is now very prevalent in Japan, and the administrative database of the DPC system has increased the representation of acute care hospitals. In 2008, 2,120,170 hospitalization records were gathered in the administrative database of the DPC system. These data were collected from hospitals participating in the survey, and 855 out of the 1,557 hospitals agreed to participate in the survey in 2008, which represented approximately 40% of acute inpatients during that time .
The administrative database associated with the DPC system includes each patient's discharge summary and claim information, including principal diagnosis, and comorbidities and complications during hospitalization (Murata et al. 2010 (Murata et al. , 2012 Ichimiya et al. 2011) . These data are coded in accordance with the International Classification of Diseases and Injuries (ICD)-10th edition. The database also contains detailed medical information, including all surgical or interventional procedures and medications that have been indexed in the original Japanese codes. These codes are determined by the Ministry of Health, Labour and Welfare of Japan. The database also includes the quantity and date of all care delivered on a daily basis (Murata et al. 2010 (Murata et al. , 2012 .
Study setting
We selected 6,080 patients with acute cholecystitis from 777 DPC participating hospitals (68 academic and 709 community hospitals) between April and December of 2008. These hospitals are spread throughout Japan and play a leading role in providing acute care medicine, advancing medical research, and educating students and medical residents (Murata et al. 2010 (Murata et al. , 2012 .In the present study, acute cholecystitis was defined as code K810 in the ICD-10th. For this analysis, we excluded 10 patients less than 15 years of age because the causes of pediatric acute cholecystitis are quite different from those of adult acute cholecystitis (e.g., serious burns, metabolic diseases or bone marrow transplantation) .
The use of DPC data were permitted by all institutions and hospitals that provided detailed data. The research protocol of the study was approved by the ethics committee of medical care and research of the University of Occupational and Environmental Health, Kitakyushu, Japan.
Selected recommended treatments and classification of acute cholecystitis
The recommended treatments selected in the CPGs for acute cholecystitis are shown in Table 1 . There were four recommended treatments (recommendation A; Yamashita et al. 2007; Yoshida et al. 2007 ). These recommended treatments have been regarded as the procedures that should be performed for patients with acute cholecystitis.
We classified the patient groups by severity of acute cholecystitis, defined in the CPGs as grades I (mild), II (moderate) and III Table 1 . Selected recommended treatments for acute cholecystitis in the clinical practice guidelines.
Recommendation A
(1) Antimicrobial agents should be administered to patients diagnosed with acute cholecystitis.
(2) Administration of nonsteroidal anti-inflammatory drugs (NSAIDs) to patients with an attack of biliary colic is recommended, to prevent the onset of acute cholecystitis. (3) Cholecystectomy is preferable early after admission.
(4) Laparoscopic cholecystectomy is preferable to open cholecystectomy.
(severe) ). The CPG flowcharts recommend treatment management according to severity (i.e., mild acute cholecystitis does not require gallbladder drainage; moderate cases require gallbladder drainage without organ support; severe cases require both gallbladder drainage and organ support) ). Therefore, we defined each patient's acute cholecystitis group by the procedures performed for each patient, referring to these flowcharts: patients without gallbladder drainage (n = 4,333), patients with gallbladder drainage, but not supportive care such as ventilation or hemodiafiltration or the use of vasopressors [dopamine, dobutamine, noradrenalin or adrenalin] (n = 1,591) and patients with both gallbladder drainage and supportive care (n = 146). These classifications were confirmed for every patient using the DPC database, not by selfreport.
Study variables
Study variables used were age, sex, chronic co-morbid conditions, hospital type, use of ambulance transportation and intensive care unit (ICU), length of stay (LOS), in-hospital mortality, frequency of intravenous antimicrobial therapy and administration of nonsteroidal anti-inflammatory drugs (NSAIDs), kinds of antimicrobial drugs and NSAIDs, number of days from admission to cholecystectomy, kinds of cholecystectomy (open or laparoscopic procedures) and frequency of bile culture in this study.
The CPGs have defined elderly patients as those of age 75 years and more ). Therefore, patients were stratified by age into two groups: < 75 years of age and ≥ 75 years of age. To assess the severity of chronic comorbid conditions, we employed the Charlson Comorbidity Index (CCI), which has been widely used for recording comorbidity and validated in various studies (Quan et al. 2005) . CCI was expressed as the score of comorbid conditions and was initially evaluated as a continuous variable. However, categorical variables defining three categories of severity of comorbidity were created to simplify the presentation of the results: 0, mild; 1, moderate; and 2 or more, severe. Hospital type was classified as academic or community. For the selection of antimicrobial drugs for acute cholecystitis, we referred to the lists of antimicrobial drugs recommended in the CPGs. The use of first-generation cephalosporins or widespectrum penicillin/lactamase inhibitors is recommended in mild acute cholecystitis whereas second-generation cephalosporins or wide-spectrum penicillin/lactamase inhibitors are recommended in moderate acute cholecystitis. For patients with severe acute cholecystitis, third-and fourth-generation cephalosporins, monobactams, fluoroquinolones or carbapenems are recommended ). Because there is no definition of early cholecystectomy in the CPGs, this was defined as cholecystectomy that had been performed within four days after admission, as described in previous studies (Navez, et al. 2001; Kitano et al. 2002) .
Main outcome measures for appropriate treatments according to the CPGs
The recommended treatments for acute cholecystitis that correspond to each patient group are shown in Table 2 . In this study, we further divided patient groups according to the presence of cholecystectomy and examined for the application of recommended treatments followed for each patient (for example, patients without gallbladder drainage and cholecystectomy were evaluated using 2 recommendations [items (1) (2) in Table 1 ] while those with gallbladder drainage, supportive care and cholecystectomy were evaluated using all 4 recommendations [items (1) -(4) in Table 1] ).
Statistical analysis
The categorical data were compared using the chi-square test for categorical variables and the one-way factorial analysis of variance (ANOVA) and the Kruskal-Wallis tests for continuous variables. In additional analyses, multiple logistic regression models were used to identify the impact of the individual effect of patient acute cholecystitis group on each recommended treatment. We addressed potential confounding due to variation in the case mix by controlling for the severity of chronic co-morbid conditions and additional variables related to the adherence to the CPGs, such as age, sex, hospital type, use of ambulance transportation and ICU.
All statistical analyses were performed using the STATA statistical software package version 11.0 (Stata Corporation, College Station, TX, USA). A value of p < 0.05 was considered significant.
Results
We examined a total of 6,070 patients in 777 hospitals, comprising 4,333 patients without gallbladder drainage, 1,591 patients with gallbladder drainage and without supportive care and 146 those with both gallbladder drainage and supportive care. The mean LOS in all patients was 20.2 ± 18.2 days (19.7 ± 18.7 days for patients without cholecystectomy and 21.1 ± 17.3 days for patients with cholecystectomy) and the in-hospital mortality after admission was 2.1% (2.9% for patients without cholecystectomy and 0.6% for patients with cholecystectomy). Table 2 . Recommended treatments by required treatment group for acute cholecystitis in the clinical practice guidelines.
GB drainage (−)
GB drainage (+) GB drainage (+)
Cholecystectomy (−)
Cholecystectomy (+)
Recommendation A
(1) Administration of antimicrobial drugs (%)
GB, gallbladder; NSAIDs, nonsteroidal anti-inflammatory drugs; PTGBD, percutaneous transhepatic gallbladder drainage.
The frequency of ENGBD was higher in patients with gallbladder drainage and without supportive care than those with both gallbladder drainage and supportive care, but not significantly so (10.6% vs. 7.5%, p = 0.241). The rate of bile culture performed in gallbladder drainage was significantly higher in patients with both gallbladder drainage and supportive care than those with gallbladder drainage and without supportive care (88.3% vs. 76.3%, p = 0.001). The proportion of patients with cholecystectomy was significantly higher in patients with both gallbladder drainage and supportive care than other patient groups. There was no significant difference with regard to the mean age, ratio of elderly patients, and gender proportion between groups. The highest proportion of patients with severe comorbid conditions was observed in patients with both gallbladder drainage and supportive care (39.0%). The frequency of use of ICU was also significantly higher in patients with both gallbladder drainage and supportive care (26.0%). This result suggests the appropriate use of the ICU according to the severity of acute cholecystitis. Significant variation of mean LOS was observed between patient groups. The in-hospital mortality of patients was significantly higher in patients with both gallbladder drainage and supportive care than other patient groups (1.3% vs. 3.7% vs. 6.8%, p < 0.001, Table 3 ).
Rates of CPG-recommended treatments actually given are shown in Table 4 After adjusting for potential confounding effects of the clinical variables, multiple logistic regression analysis showed that patient group significantly influenced the performance of each recommended treatment. With regard to the administration of antimicrobial drugs, the odds ratio (OR) for patients with gallbladder drainage and without supportive care was 1.34 (95% confidence interval (CI); 1.04-1.73, p = 0.021), whereas the OR for those with both gallbladder drainage and supportive care was 4.38 (95% CI; 1.07-17.87, p = 0.039). Regarding the administration of NSAIDs, the OR for patients with gallbladder drainage and without supportive care was 2.03 (95% CI; 1.80-2.29, p < 0.001), whereas the OR for those with both gallbladder drainage and supportive care was 1.92 (95% CI; 1.34-2.76, p < 0.001). Use of ICU was also associated with an increase in the administration of antimicrobial drugs and NSAIDs (OR 4.20 (95% CI; , p = 0.005) and OR 1.88 (95% CI; 1.44-2.47, p < 0.001), respectively). Otherwise, regarding early cholecystectomy, multiple logistic regression analysis also showed that patient group was significantly associated with decreased performance of early cholecystectomy. The OR for patients with gallbladder drainage and without supportive care was 0.39 (95% CI; 0.31-0.48, p < 0.001). However, no significant difference was seen for patients with both gallbladder drainage and supportive care (the OR for patients with both gallbladder drainage and supportive care was 0.75 (95% CI; 0.45-1.26, p = 0.288). Regarding laparoscopic cholecystectomy, the OR for patients with gallbladder drainage and without supportive care was 0.59 (95% CI; 0.48-0.73, p < 0.001), whereas the OR for those with both gallbladder drainage and supportive care was 0.38 (95% CI; 0.22-0.67, p = 0.001; Table 5 ). GB, gallbladder; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio; CI, confidence interval. *Early and laparoscopic cholecystectomy were evaluated in patients with cholecystectomy.
Discussion
We conducted this study to examine the management of acute cholecystitis for adherence to the appropriate CPGs using the administrative database associated with the DPC system. This study demonstrated that there were various differences with regard to the proportion of recommended treatments actually performed by the level of procedures required for treatment of acute cholecystitis, such as gallbladder drainage or supportive care.
In this study, bile culture was significantly more frequent in patients with both gallbladder drainage and supportive care, and antimicrobial drugs were more frequently received in accordance with the level of procedures required for treatment of acute cholecystitis. There is no doubt that the confirmation of systemic infection from acute cholecystitis and the identification of the causative agents were essential to patients who required gallbladder drainage or supportive care because systemic antibiotics are imperative when treating these patients, especially as some previous studies showed that a positive bile culture is correlated with the progression of acute cholecystitis (Pitt et al. 1983; Maluenda et al. 1989 ). In addition, more intensive care such as systemic antibiotics and supportive care is more necessary when the patient's condition is more severe, because these cases may be more likely to result in serious conditions such as organ dysfunction or septic shock. Therefore, clinicians are more likely to follow the recommendations for antimicrobial drugs in patients who required gallbladder drainage or supportive care. Also, the frequency of administration of NSAIDs was significantly higher in patients with gallbladder drainage or supportive care than in those without these procedures. A previous report suggested that NSAIDs relieved pain and prevented the progression of acute cholecystitis (Akriviadis et al. 1997) . Therefore, it is also plausible that patients who required gallbladder drainage or supportive care had received NSAIDs more frequently.
On the contrary, regarding surgical treatments for acute cholecystitis, the rate of early cholecystectomy was lower in patients with gallbladder drainage and without supportive care, compared to other cases. Some reports have revealed that early cholecystectomy is safe and effective in patients with acute cholecystitis (Lo et al. 1998; Gurusamy et al. 2010) . However, gallbladder drainage is also quite effective for controlling the inflammation of acute cholecystitis. Actually, CPGs for acute cholecystitis have demonstrated that elective cholecystectomy can be performed after the improvement of the acute inflammatory process by gallbladder drainage in moderate cholecystitis while mild or severe cholecystitis should require early cholecystectomy in the flowchart for the management of acute cholecystitis ). There fore, many clinicians may not consider early cholecystectomy due to their expectation of the effect of gallbladder drainage in moderate cholecystitis while they tend to decide to perform early cholecystectomy without hesitation in severe acute cholecystitis because it is a systemic disease. In addition, the frequency of laparoscopic cholecystectomy decreased as the level of required procedures increased for acute cholecystitis. Indeed, laparoscopic cholecystectomy is preferable to open procedures in patients with acute cholecystitis (Zacks et al. 2002; Peng et al. 2005; Catani and Modini 2007) . However, the efficacy of this surgical management remains controversial in patients with pan-peritonitis or those with severe concomitant disease ). In addition, Borzellino et al. (2008) reported that a lower feasibility of laparoscopic cholecystectomy was found for severe cholecystitis in their meta-analysis. In this study, we confirmed that most of cholecystectomies for patients with both gallbladder drainage and supportive care were performed by open procedures, not laparoscopic procedures. Therefore, this result suggests that many surgeons may give less priority to laparoscopic cholecystectomy for patients that required gallbladder drainage or supportive care. To resolve these discrepancies, further clinical trials examining the association of laparoscopic cholecystectomy with patient condition during hospitalization are needed.
The clinical data used represent a major strength of the current study. Acute cholecystitis is usually treated in acute care hospitals. One of the benefits of the national database was that it enabled evaluation of a large number of acute care hospitals in an unbiased manner, because our investigation involved a nationally representative sample of patients with acute cholecystitis in a community setting (Murata et al. 2010 (Murata et al. , 2012 . Therefore, the data from this administrative database closely reflect the clinical circumstances of the procedures and treatments for acute cholecystitis. In addition, detailed medical data such as all procedures, medications and devices have been exhaustively coded with Japanese original payment codes (Murata et al. 2010 (Murata et al. , 2012 . These data were recorded on a daily basis for each patient (Murata et al. 2010 (Murata et al. , 2012 . Therefore, this administrative database also enables interested parties to evaluate the care processes according to the CPGs with individual detailed medical treatments.
A limitation of this study also warrants mention. The CPGs determine the severity of acute cholecystitis based on the laboratory data and imaging findings of patients ). Regrettably, laboratory and imaging data are not recorded in the Japanese administrative database (Murata et al. 2010 (Murata et al. , 2012 . Our categorization of patients by way of procedures performed for acute cholecystitis may thus have led to bias in the classification of cases. Therefore, further clinical studies evaluating the care processes according to the CPGs for acute cholecystitis are required, using stricter criteria to define the severity of acute cholecystitis.
Despite this limitation, the current study confirmed that the rate of appropriate treatments recommended by the CPGs increased in accordance with the level of procedures required for treatments of acute cholecystitis. Our study has significant implications for health care policy decisionmaking. First, the evaluation of the care processes according to the CPGs could be useful data for revealing the discrepancies between actual medical treatment and CPGs. Some previous reports suggest that the monitoring of the care processes according to the CPGs is useful evidence for maintaining and improving the quality of medical care as a measure of quality improvement (Quaglini et al. 2004; Gulati et al. 2004 ). Thus, we think that such study can reveal the difference between actual medical treatments and CPGs and favorably influence the further improvement and reconsideration of CPGs. Second, until recently, available data had been limited for such clinical epidemiological studies in Japan because there had been no large administrative databases, unlike in many European countries or the United States (Yasunaga and Horiguchi 2010) . However, the administrative database associated with the DPC system contains detailed medical data on numerous patients. Therefore, we believe that this administrative database will allow the conduct of various large-scale clinical epidemiological studies in Japan, such as the evaluation of the care processes recommended by CPGs for various other diseases as well as acute cholecystitis, since the principal diagnosis and comorbidities of patients are strictly determined by the ICD-10th code and recorded Ichimiya et al. 2011) . Thus, the administrative database associated with the DPC system is a feasible tool that will provide useful information contributing to improve quality of medical care for various diseases in the near future.
In conclusion, we have demonstrated that there were various differences with regard to the proportion of appropriate CPG-recommended treatments actually performed by the level of procedures required for treatment of acute cholecystitis. In addition, the administrative database associated with the DPC system was a feasible tool for the evaluation of adherence to recommended CPGs care processes. Further the evaluation of the care processes according to CPGs using this administrative database will be actively conducted for various diseases and these studies will provide useful information contributing to improved quality of medical care in the near future.
